DATA EXTRACTION AND SYNTHESIS Relevant data were abstracted, and study quality was rated.
The rationale for skin cancer screening is to detect skin cancers, particularly melanoma, earlier in their clinical course than would happen in usual care, potentially allowing for earlier and more effective treatment. Primary care physicians or dermatologists can perform visual skin cancer screening of the whole or partial body to detect suspicious lesions for potential biopsy.
In 2009, the US Preventive Services Task Force (USPSTF) concluded that the current evidence was insufficient (I recommendation) to assess the balance of benefits and harms of screening the adult general population by primary care clinicians. 4, 5 The purpose of this report was to provide an updated systematic review for the USPSTF regarding clinical skin cancer screening among adults.
Methods
Detailed methods are described in the full report, available at http://www.uspreventiveservicestaskforce.org/Page/Document /final-evidence-review154/skin-cancer-screening2. 6 
Scope of Review
An analytic framework and 5 key questions (KQs) were developed ( Figure 1 ). The KQs were designed to identify direct evidence of the benefit of clinical visual skin cancer screening for skin cancer morbidity and mortality (KQ1), the harms and test characteristics of clinical visual skin cancer screening (KQ2 and KQ3), the effectiveness of clinical visual skin cancer screening for early detection of skin cancer (KQ4), and the association between earlier detection of skin cancer and skin cancer morbidity and mortality and all-cause mortality (KQ5).
Data Sources and Searches
MEDLINE, PubMed, and the Cochrane Central Register of Controlled Trials were searched for English-language studies published from January 1, 1995, through June 1, 2015. The reference lists were searched from included studies, systematic reviews, and metaanalyses. Suggestions were also sought from experts, and Clinicaltrials.gov was searched to identify relevant ongoing trials. Since June 2015, we continued to conduct ongoing surveillance through article alerts and targeted searches of high-impact journals to identify major studies published in the interim that may affect the conclusions or understanding of the evidence and therefore the related USPSTF recommendation. The last surveillance was conducted on February 16, 2016 , and no new studies were included in the review.
Study Selection
Two researchers independently reviewed 12 514 unique titles with abstracts and 453 full-text articles against a priori inclusion and exclusion criteria. We included studies of asymptomatic adults 15 years and older and conducted in countries with a very high (>0.9) Human Development Index (HDI) according to the United Nations. 8 Studies conducted in very high HDI countries are more likely to be applicable to US settings. Randomized clinical trials, observational studies (ie, cohort and case-control studies), and ecologic studies were included for all key questions. Case series or case reports were also included for identification of potential harms due to screening (KQ2). Screening studies were excluded if they focused on skin examinations in response to patient concerns about suspicious lesions or individuals with known skin cancer; skin self-screening by individuals or partners; physician counseling for self-screening; intermediate or health outcomes relating clinician skin examination to other risk factors (eg, sun-protection behaviors); or measures of patientphysician relationship quality ( Figure 2 ). For effectiveness and harms studies, screening tests were defined as whole or partial visual skin examination conducted by primary care physicians or dermatologists with or without tools to aid examination (eg, dermatoscopy, whole-body photography). For studies focusing on morbidity and mortality, studies of skin cancer mortality, all-cause mortality, or morbidities associated with any skin cancer (ie, melanoma in situ, dysplastic nevi, and actinic keratosis), including quality of life, were reviewed. For diagnostic accuracy studies, studies that assessed cancer outcomes through cancer registrybased systems or pathology or biopsy reports within a defined period after receipt of screening and estimated false-negative rates for melanoma detection in participants who screened negative were included. For studies on early detection of skin cancer, studies that evaluated either American Joint Committee on Cancer (AJCC) stage 9 or Breslow lesion thickness at diagnosis were included. Detailed search strategies are listed in the eMethods in the Supplement.
Data Extraction and Quality Assessment
Dual independent critical appraisal of all articles meeting the inclusion criteria was performed. Each study was categorized as good, fair, or poor quality in accordance with USPSTF design-specific quality criteria supplemented with quality criteria for ecologic studies (eTable in the Supplement). 7, 10, 11 Good-and fair-quality studies were included in the summary of evidence; poor-quality studies were excluded. Key data were extracted on study characteristics, study design elements, outcomes for screening studies, health outcomes, and harms. A second reviewer checked the data for accuracy.
Data Synthesis and Analysis
Summary evidence tables were created to capture study characteristics and sources of heterogeneity (eg, study quality, sample size, geographic location, age, and sex). For each KQ, the number and design of included studies, overall results, consistency of results, limitations of the body of evidence, applicability of findings, and study quality were summarized. Because few studies were included in the review, summary statistics were not derived and meta-analysis was not conducted.
Results
The review included 13 unique fair-or good-quality studies reported in 15 publications (Table 1 12 -27 ). Of the 15 publications, 13 were included for 1 KQ each, and 2 publications were included for 2 KQs. melanoma mortality over 10 years in northern Germany, where there was a population-based clinical visual skin cancer screening program, with trends in the surrounding regions with no populationbased skin cancer screening. The Skin Cancer Research to Provide Evidence for Effectiveness of Screening in Northern Germany (SCREEN) study launched a population-based skin cancer screening intervention in 2003, which included physician training, a skin cancer public awareness campaign, and referral protocol to dermatology. During the 1-year intervention period (2003) (2004) , 360 288 adults were screened with a visual skin cancer examination primarily by nondermatologists, representing about 19% of the eligible population. The majority of adults screened were women (73.6%), and the mean (SD) age was 49.7 (16.2) years. Approximately 39% of screened individuals were recommended to follow up with dermatologists but were lost to follow-up and did not return for dermatology review.
Between 1998 to 1999 (prescreening) and 2008 to 2009 (postscreening), age-and sex-adjusted melanoma mortality decreased by 48% in the intervention region, from 1.7 deaths (95% CI, 1.4-2.0) to 0.9 deaths (95% CI, 0.7-1.1) per 100 000 persons, representing an overall absolute mortality difference of 0.8 melanoma deaths per 100 000 persons ( Table 2) . Over the same period in the 5 comparison regions, melanoma mortality remained stable or increased by 0.1 to 0.3 deaths per 100 000 persons, representing increases of 2% to 32%.
Harms of Skin Cancer Screening
Key Question 2. What are the harms of skin cancer screening and diagnostic follow-up?
Two fair-quality studies with 3 articles, conducted in Germany, assessed the number of excisions needed for the detection of 1 melanoma, basal cell carcinoma, or squamous cell carcinoma in the SCREEN study and the cosmetic acceptance of shave biopsy in a screened population (Table 2) . [13] [14] [15] In a population of 360 288 adults, the number of excisions needed to detect 1 melanoma, basal cell carcinoma, or squamous cell carcinoma varied by age and sex. 13 Fewer excisions were needed to detect a single case of skin cancer in adults 65 years or older compared with younger adults. Detecting 1 melanoma in women 65 years 
Key questions
What is the direct evidence that visual skin cancer screening by a primary care clinician or dermatologist reduces skin cancer morbidity and mortality and all-cause mortality? Two fair-quality cohort studies conducted in Australia evaluated test characteristics of skin cancer screening performed by primary care physicians or dermatologists (Table 2 ). In Queensland, Australia, primary care physicians conducted screenings among 16 383 adults. 16 Cancer outcomes were determined by pathology or biopsy reports for positive screens. The study did not follow up participants with negative screen results, so the exact number of true-negative and false-negative findings was unknown. Therefore, false-negative rates for melanoma were estimated using prior literature in a population screened for skin cancer and melanoma rates for the Queensland population. The recall rate was 14.1% for those who screened positive and were referred to their usual primary care physicians for follow-up. Although the study did not report sensitivity for melanoma detection, sensitivity could be calculated using an estimated false-negative rate. Based on melanomas detected within 3 years of the first screen examination, sensitivity for melanoma detection was calculated as 40.2%, and specificity was 86.1% (95% CI, 85.6%-86.6%). The second study evaluated the performance of volunteer dermatologists and plastic surgeons who conducted screening of 7436 people in suburban and rural areas in Western Australia. 17 With follow-up to 24 months for melanoma through a cancer registry Gambichler et al, 15 2000 Six months after shave biopsy for removal of potential NMSC, patients reported cosmetic outcomes as poor for 7.1% of shave sites compared with 16.1% of physician assessment.
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Key Question 3
Aitken et al, 16 2006
With primary care physicians conducting screenings, specificity for melanoma detection was 86.1% (95% CI, 85.6%-86.6%) at 36-mo follow-up. The study did not report sensitivity, but by using the study's estimated false-negative rates, sensitivity was calculated at 40.2%. measured the association between whole-body skin examinations by a physician during the 3 years before melanoma diagnosis and risk of invasive melanoma according to lesion thickness at diagnosis ( Table 2 ). The study was conducted among 3762 cases with incident melanoma in Queensland, Australia, and 3824 controls randomly selected through electoral rolls and given a referent date. Of controls, 28.3% reported receiving a skin examination within 3 years of their reference date compared with 35.3% of melanoma cases. When stratified by lesion thickness, prevalence of report of receiving a clinical skin examination declined as lesion thickness increased: 38.7% for lesions less than 0.75 mm, 30.3% for lesions 0.76 to 1.49 mm, 28.0% for lesions 1.5 to 2.99 mm, and 22.5% for lesions 3.00 mm or larger. In multivariable-adjusted models, cases diagnosed with thin melanoma (Յ0.75 mm) had an odds ratio (OR) of 1.38 (95% CI, 1.22-1.56) for physician skin examination in the previous 3 years compared with controls. Cases diagnosed with thicker lesions (>0.75 mm) had an OR of 0.86 (95% CI, 0.75-.98) for recent physician skin examination compared with controls. The subgroup of cases with the thickest melanoma lesions (Ն3.00 mm) had an OR of 0.60 (95% CI, 0.43-0.83) for recent physician skin examination compared with controls.
Early Detection and Morbidity and Mortality
Key Question 5. What is the association between earlier detection of skin cancer and skin cancer morbidity and mortality and allcause mortality?
Eight fair-or good-quality observational studies were included with a total population of 236 485 (Table 2 ). These studies examined the association between either melanoma-specific or allcause mortality and lesion thickness or stage at diagnosis (either AJCC or SEER [US Surveillance, Epidemiology, and End Results Program] stage) at diagnosis. One good-quality study evaluated cancer stage and all-cause mortality.
All studies demonstrated a consistent linear increase in risk of melanoma mortality with increasing tumor thickness or stage, regardless of categorization. Tumor thickness greater than 4.0 mm was associated with increased melanoma mortality compared with thinner lesions in multivariable-adjusted models (hazard ratios [HRs] ranging from 3.17; 95% CI, 2.56-3.92, to 32.62; 95% CI, 18.78-56.63). In the largest study, with 68 495 melanoma cases diagnosed from 1992 to 2006 identified through 13 SEER registries, greater tumor thickness was associated with higher melanoma mortality. Compared with thin lesions (<1.0 mm), HRs for melanoma mortality by thickness were 2.89 (95% CI, 2.62-3.18) for tumors 1.01 to 2.00 mm, 4.69 (95% CI, 4.24-5.02) for tumors 2.01 to 4.00 mm, and 5.71 (95% CI, 5.10-6.39) for tumors larger than 4.00 mm. Using the same study population and categorizing by SEER summary stage, distant stage was associated with increased melanoma mortality compared with localized disease. In a cohort study of 39 049 residents of California who were diagnosed with melanoma, late stage at diagnosis was associated with increased all-cause mortality in adjusted models (HR, 10.39; 95% CI, 8.96-12.0).
Discussion
A substantial body of evidence consistently suggests that later stage and increasing skin lesion thickness at melanoma detection is associated with increased melanoma and all-cause mortality risk ( Table 3) . However, the evidence for an association between skin cancer screening and melanoma mortality is limited (Table 3) . One population-based ecologic study found that visual skin examination by physicians was associated with a small reduction in absolute differences in population-level melanoma mortality. However, study design limits assessment of the intervention in the absence of a comparison population or more robust control of confounding. In addition, newly published follow-up research has suggested that the decline in melanoma mortality was transient, and melanoma mortality has returned to prescreening levels. 28 Skin cancer screening could be accompanied by psychosocial harms, cosmetic harms, or overdiagnosis (ie, the diagnosis of disease that will not cause symptoms or death in a person's expected lifetime). For melanoma, biopsy alone is not usually sufficient for removing even small lesions, and subsequent excisions are often necessary for clear margins, particularly after shave or punch biopsy. 29 One study found cosmetic results of shave biopsy were acceptable to adults with suspected but not confirmed NMSC. 15 Detecting 1 case of skin cancer in younger age groups requires significantly more excisions than in older groups, 13 which suggests a potential excess burden of diagnostic workup in younger people, who experience the lowest incidence of NMSC and melanoma. The potential for overdiagnosis of skin cancer is substantial. Since 1986, melanoma incidence rates have increased, but mortality rates have remained relatively stable. The increase is in part attributed to increasing skin biopsy rates, which increased from 2847 to 7222 per 100 000 individuals in the SEER Medicare population from 1986-2001. 30 Biopsies have resulted in increased detection of earlystage melanoma, mainly melanoma in situ. 30 These data suggest potential increased detection of clinically insignificant cancers rather than earlier detection of invasive tumors, in the absence of changes in mortality. 30, 31 The 2.1 million Medicare enrollees diagnosed with NMSC annually 32 face increasing detection and treatment of basal cell carcinoma that likely has limited effect on life expectancy. 33 No studies meeting the inclusion criteria assessed overdiagnosis of clinical visual skin cancer screening. The 2 included studies on diagnostic accuracy were conducted in Australia, where knowledge of skin protection habits and sun safety is high. Because of the relatively high prevalence of melanoma in Australia, primary care physicians routinely diagnose and manage skin cancer. 34 Physician training in detecting and diagnosing skin cancers was part of both studies and is likely important for improving performance, for both screening and responding to patient concerns. In the United States, some primary care physicians may not be fully confident in their skills to conduct skin cancer cer screening goals. The benefits of skin cancer screening may be greatest among subgroups most likely to develop fatal melanoma. Several algorithms use melanoma risk factors to qualify risk of melanoma and could have utility for screening programs in identifying individuals who might benefit most from screening.
36-39 However, none have been externally validated, and they are generally based on risk in people of white race. [36] [37] [38] [39] No evidence was identified to suggest these algorithms have been adopted in US clinical practice. If externally validated, risk assessment tools might lead to evaluating a targeted screening approach. One of the main limitations of this report is that the majority of the eligible evidence was from international settings, especially Australia and Germany, where skin cancer screening and outcomes have been a focus of research, and the burden of melanoma is much higher compared with that in the United States or other countries. 40 Another limitation of this review is that it focused on physicianinitiated visual skin examinations. Population-based skin cancer screening does not exist in isolation, because most skin cancer screening programs are conducted along with community education and media programs. Currently, the US Community Preventive Services Task Force recommends skin cancer prevention and education interventions in child care centers, outdoor occupational and recreational settings, and primary and middle school settings, as well as multicomponent community-wide interventions for improving sun-protection behaviors. [41] [42] [43] [44] [45] The USPSTF recommends primary care-based counseling on UV exposure reduction for people aged 10 to 24 years with fair skin. 46 The review also excluded studies conducted outside of primary care settings, such as workplace-based screening programs or pigmented lesion clinics, because these interventions are aimed primarily at enhancing access to physician review of patient-identified lesions and likely do not represent screening populations. 
